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METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a ferromagnetic 
non-volatile storage element being superior in stability 
of information reproduction operation. 

SOLUTION: This device has a variable resistor r12 which 
has a hard layer and a soft layer and in which 
information of one bit is stored in accordance with the 
direction of magnetization of a hard layer, a bit line 
BL1 to which one end of the variable resistor r12 is 
connected and the prescribed current is supplied, a 
sense amplifier SA1 comparing a first potential 
generated at the bit line BL1 when the soft layer is 
magnetized in the first direction of magnetization with 
a second potential generated at the bit line BL1 when 
the soft layer is magnetized in the second direction of 
magnetization being the reverse direction to the first 
direction of magnetization, and a noise eliminating 
means comprising transistors (Ta1, Tb1 t Tb1') 
eliminating a noise generated in the bit line BL1 by 
floating electrically the bit line when magnetization is 
reversed from the first direction of magnetization of 
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the soft layer to the second direction of magnetization. 
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(57) ismi 

DS^l©m{fiti:. ±I3mio^b*|Sii:liS^©|pi§ 
1 ££fc5lf!2©m&fc&ifc«t?-S-fe>*7'>XSA 1 




•fX*!***** (Tal, TbU Tb 

1* ) **tJ^-fXH»4*Sfcft*-r*. 
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1 

WE* 2 ®3HttttttK#Jft l ©ttflsjSiaMHbSftfc» 

«tt«Rjb«i5lllB» l ©*<bj5r fa k tt&*f©[S] § ffeSf 10 
2©afb#faC*<t3ftfc»*©iMBKy bJ&££b3 

mizm 2 <D%m&»m®% i ©*ft*fl*» & & 2 ©&Yb 
35rra^©atfb©KiE» *fctt-f©a»©»fls©st5©i»© 

[1H&B2] ituE^ XEfc£3MBBu ff>EJI2©gMI 

tt^m©^ 1 ©j&<b#isjA»&8 2 ©sMt#fl^©«M3© 

£46, *fctt-t©2»©«ft:©£4E©l»C» mi83tryMi 20 

fci-sauj&R 1 fc>a«©a«tt«^»«tti3«*?. 

CWaRiI 3 ] HuE*^ v^*«tt % 
UBK* h«UD-#©*»fc»tt&ftfeJI!i 1 ©*«#* 
4 y^k, 

ffIIBt:v h»©ft*©«Sk8lE-fe:/;iTi'X©2o© 
A^jJg^ k ft-fft-etiSSRI-S 2 -3©9-f >{C^ft-?ft 
R«-&ftfcJfS2 % i3cD*««;^yffci>&)5:5ci: 
£*Sgfck-f SSf*iB 2 CEft©9Mitt{CT*JM£BltX 
?. 30 
[»#«4] MR^'TXMjc^JStt, -«*©«*?#«& 
Be* htt®ft&©roctttt3Jv 

Sckl-Slf^rB 1 £Ett©9HttttttTOBB{£EttJK?. 
[If jKJH 6 ] lo©i|i*«;x-r U 
*IWM«f y^?kME&Mi£inJ^k*>£> 1 C» h© 
^^'J^^-rs^ia-fe^ffM^tiT^S^k^^c 40 

?^K«^fto?©-#©Jirefclgtt3*U V— * 

CW*W8] »E*«Mfc** SiGeS 
£&k Lfc*+*;i/«*SW**«JW»*g h 5 >t?x 
*T-JfcSCk£^k*SSS#E6£E*M)3ii8tt#^ 50 
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IWBttEi**?. 

S O I StST-fc S d k ^Stkf SSf mm 6 KStt 
©£8tt{**J«&ttfitt**; 

1 0 ] %Ktt*U&ft*?©£ 1 , m 2 ©g& 
ttfrfflltt-t*i*liBf3S©*lSiK:flWbS»llli*#l/» MB 
K » Mac-ffitfffiE* 1 ©aiJBtt(MR©itt±tffl« L 

me* 2 ©$Ht&ftit©3E&&a a * $ 6 
mm i ©aattttwwBflisattct&oTRifjgoSfiiK: 

S^bSftSkk&K, ttBKtf h^{c^©^t$©a: 
«E*WS©*filfc«-i-ci:-C*biaSitJ;-3-CffiiB» 

2 ©§fi»tt««4»itft«»ttciaoT3fSffl*racaft 

$ ft £ £ o tc fltm $ ft X v * 5 c k £ ttflk k 1" S » *S 1 

mtm 1 1 1 hue tf y h»*j:irtia*»©>t-** 

k*«Wkkr*HI#flll 0 £E*©3S«tt<**i«SttE 

Sg?.tt)«fi!c$fttv>sc:k^0Skt-SIS*«lCE 
tt©aMfct£WTOJftttBtt*?. 
[ff&B 13] ME h >*/WSB^i£in;f&^£«J5fc-f 3 
JSl* ^2©^ffi»Jli)S^ft^ft, M©Bl*l#lRl£*t 

ismm i4] me h >*;wB»ustt*?*fltJsR^-* 

JBl, £2©2HBttttK#« M©Brt*|Slt*f UTSiS 
*lpJ{C^{b$ftSCIk&^tk-r3lf*«l 2CE«© 

15] mi ©^BStt«:JSk, 1 ©£tt& 
(WKJ:l)«»*©'h*v^J(lS2©9fi«tt««4:*#-r«x 
huE^ 1 ©9fi»ttflcK©Kfls©lfli*tl6UT 1K»HD 

^©tifas4*ffi^ci3v^-c> 

tteiR 2 ©WBafHRAiiR 1 <D«fl3*lSifc«h**i3t«l 
60*EK» H»C^t«JSl©«ffii:, b5E^2©^ 
JKttfrKtfHuES l ©^b^[SikttM»©fai§-c-fes^ 
2©«ft*raC«fl3*ftfe»^©8fIEb:s» HJlCflfeC* 
g§2©ft{ak££fc«tb-C, SuE^ffita^^tEfS^ft 

fcis fg^^iB-r^T 1 xk, 

b5E^ 2 ©^SStt^JK©^ 1 (DMitXftfr *>m 2 ©ttf b 
^(^^©SSfbCSfe, *fctt*©a»©*fls©K<E©» 

trc k &^aak^SfSISS^*ffio 

16] ^1 ©WttttttKfc, 1 ©9S«tt 
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h5I3^ i ©3£&ttteJBi©&<b©rRi & ici& bt 1 1 v r © 
^roHuiatry h^t^u-s^icaei:, ires 2©$ 

^2®*{4i:<&tt;!gtbT, ilSE&JaJSiftSSS^KEliSft 10 
IfflES 2 ©SMH£ttK©S 1 cD«ft*l^36» 6» 2 ©8£<b 

t»*«i7] it^jsi^e, 1 4©t>-rfta»cE«© 

[flTSSt 1 8 ] HuE&fi&tttt^JP^Ei&fft^fcfctt 
«««©»*&**$ J:tm*fflU©S*»fc(TSSI»II» 20 
* t BI-i6«±C««**ife»*H 1 7fcK«©**tf* 

1 9 ] ffi&m 1 1 4 ©^-rftfr£E«© 

[f9#JH2 0] #IMBaftfcttMftiai«**LfeflHR 
ifi, lWEae*S*^U&fll«©i36S»S«l»-r*Ci: 30 

*&mt-r zm&mi 9 KEfK©&tff£!iff*UQa&iK. 

[afK©fiMU&Kffi] 
[0 0 0 1] 

[*W©*-r4ft«»»] *JBWtt, E«Jtf3PCHU 
B^fltfcfliit&^WSteEttJlWsJitf*©* 
S&fcHU *©«fc-5&E1SJS : P£ 

[0 0 0 2] 

[«*©«*] -jsetc, gM&ii, ^.a5^e,EP*Qbfc 40 

^b©W»f&££<fcoTm^i£in#£'fb-r3> 

UTBu g^c^^ffitni (GMR ; Giant Magneto-Resistanc 
e) jBE;*aKSlffifn (CMR ; Colossal Magneto-Res 

istance) H &&8k<b 

*fc, b> 
^HKSygfiiS? (Tunnel Magneto-Resistance ; TMR) 50 
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&£*>*ne>ft-Cir'»5. CL©<fcd&&^ffimtf*4©8£<b;fc 
(rI©SR »ft:©*MK:J:5«ftifiinitt©*<b*Wffl-J- 
iSkfflWWtyt'J («aB*WoT*E«*Jfet>3& 

&gf&j< ^ U (MRAM ; Magnetic Random Access Memory) 

[0 0 0 3] fiffig8S£#jI»S>tl.TV^MRAM©^< 
fcfc> m£tt©g*8ft»ffiSUR&ffil\ Kfc#l3©3t 
v*CJ:oT£ts»^tt*©£fcfc«ffiC*ifei>cifc 
*tBf *SS^tv^, -fiajfc it, 0 1 8 £ l T 1 

RaiiMtt^sfefiRffl-rsasatffi^flWfittEW*^*^ 

■To 

[0 0 0 4] ^©Batttt^JWBttEttUK-Pttx frJSfffi 
K*WL* J:tFtt»©«*a*IILtfE«**i 
ffl©«^«S h7>^j'TRli: 9MK&tt©ttfls# 

SBLIt WS©«EjMM&;af*liJ:3K:fc-3T#& % 
— *H#h9>S>>l*TR 2, TR3©-*©iS?fCftil 

o*?ttth*h-b>^7>7SA© r+jg^j % r- 

iS?J WftttStfC^S. t>77>7SA|±, 3Wt 
(JfcttS) fcl/r»fP*-S*©Tffci>» r+ig 

#TMRJR?R©— DlbSEll^nTV^S. TMR^?R 

[0 0 0 5] 01 9© (a) *5«tV (b) 8u ±BWtt 
ttW^SWMt^ ^ y ©flHRS£l$©T MR*?R©ttffe 
©«^*^f^ET-feS. TMR^?Rli, #&7J© 
KJ1 1 1 6 fcfiHHtfjffl/hSfcV? hJB 117 
kCioth^ttURl 1 8^Uiigt&ot 
V>3. A-KJS1 1 6©«fb©fa#CJ»tT roj *fc 
tt r lj ©«*3b«E«JS*i*. :ctit M-KJil 1 

<b£ftTtt$K#«&£ftTV^4>©i:b-^ Ettf*«© 

[00 0 6] B«W«ft«^r*»^B:» V7M11 
7<om.(t1fiJ\-¥mi 1 6©?K<bi:!5]^|qI^je^fSF^lC 
j;otTMR*T©JS»ltfl[#J|ft!), ZCDtmmoM^ 

+s. **a»E»Lt*«*m^©*iRit«i/ 

T, TMR^?RCDV7M1 17ft4J«Wbfa. 

019 (a) t^-ri^ftBMbW^rfl^SV^fcJI 
5&Sttffi&l5]SBfb$nfc«flii:1-.5. fc^-C, h7>>7 
^^TR2Sr^->«.® (h7>^^TR3tt^7tt 
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B) £LX, *©ttJ»ft5tt»t*ltSKf h»BL«D« 

est>^7>7s a©— ^©jg?tti**&-rs. ifc^ 

£8fcbT> V7bJf 1 1 7CDJS{b^Ste^-B"5o •!©£ 
A-KJil 1 6tt. ««atf*&Hfc» % &fb&& 
tt£b&H©T? % V7M1 1 7i'iVA-Kll 1 6 
©^b©*[6ltt, 019 (b) £jf>-r«fc-5{C|5]b|6j£{C 

^^TR2li*7tt.l) i: LTs *©«»£*»■ £> K 

fctMS-f s;ri:T-> a-h i 6jicD»fls©iRi*fc:*6D 

fc««©«MMBbftfr3. 

[0 0 0 7] m&T-IZs ±»LfcJ:5«:3fi»tt(*?FW« 
ttlBttJfc^ftT-j/XflsUT. ffttfSffltfiUaSSfi 

[0 0 0 8] 

[mHfi&VkisHSii-pzmm] ±ao£(£«oiT 1 20 

R£^#5S©£»ttfOT»»ttKtra?T?Bu GCMK 
*©K*ttJb©ISfc, V7Mlft81©ttfli#Hfr&« 

2oawb#ra^aYbK«5$-B-«»fPS$trfc». ^©& 

<bR*s©l*C* K» h|gMcftg&*£ti^&©ft«K:je 

ff* t »6*i*<**, fcH-SIHUHtfftojfc. 
[0 0 0 9] £fc, gi£T-tts £8f£ttffitt*?£fttf 
ffiflMB«3l««©7 , D^5A«lfl^ i eUi:L , CfflV^C 30 
&;P&C»&ftTli.SjP % ±I3©<t5'&P^Si6 i ?), DRA 

*"et*si**i-c*&r, *©«fc5fc§se©3SSi4)gBS 

[0 0 10] *»W<0§«tt, ±!3&*©ISS£8?ife 

«MW3*v*©«#«£#fcft«ifc-fSc4:fcft.«. 
[0 0 11] *ftH©flb©gttl& *©*-5fc9fi«ttfc 

««»8««fti8tt-rsc:fccft..6. 40 

[0 0 12] 

©am&ttK** u Huta^ 1 ©m£ttK©Bfl3®ft 

SfcJSUT 1 K* h©««tfR«£ftS»$U£ift*? 
£:> milSJSSiMigJa^^C-JS^^^nfe^©*^* 5 
«»*niK»Hfc 4 sy!3IS2©g&f4&BI#3fH© 

©«ttfc, 1ffiflSg2©3tt&{^tf8!t£m©8fc#ra 50 
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fcttK»©l9*-CftSJ6 2©8t<b*lSt:»fli**ifc»*. 
CDUEKv bijSltc£b5Sg2©m&fc£lb©t-r5-t>;* 
IM3*2©gfHBttfl«ffl»l©»ft#ffifr& 
»2©«fls*iRF^©«fl:©Sfc Sfett^©»ft©SSfb© 

[00 13] ±E©»£, UMB^ X|»*^Rfck 8583 
#5 2 ©WttttMROil 1 ©flHb#A*£ft 2 ©Btfb#ft 
^©»ft©fi«S» *fctt-f©fl*©SWb©£te©lBCx ty 
fBK* M*ft«$M?Jfc:Sjtt3*SX'f 

[0 0 14] SyffiXY y^-^Stt, MB If 9 hM 

©-*©«f»CK«-6fifc*l©**»:x-f -y^fcx b5 
KK* h^©flb*©«SBi:Br[i3-b>X7'>X©2o©A 

[0015] sffga^ x»*#stt» -JS©ig 
v. 

[0 0 16] HWa^Y XIRS^SB:, WBK» 

M»©Bf*© k it5«J c» a a? n fc 3 -f ;i/ j; »> a * t> 

[0 0 17] #*lH©««B^*att % gl©3&&ft: 
lb. Kttl©tt«tttft«J:0fiiatA©/J^^JIi2©SI 

attftatftwi-s* mam 1 ©3aaftf*«©«<b©s 

^ WS©«8S36 s «l&S*l*Ks»Mifc«l«SnT«6* 

mm 2 ©3MH£fMit»ii i ©«ft#rac«Hb**ifc«d 

©«BK»HiCfeC*J|ll©*ttfc, HUf3^2©^m 
£&ig#it!ii33l 1 (DMib^m £ teRttam § f ft 5 $ 2 
©«<ls#ffiCWb*ftfc»*©SWai;y MRfcitiDSJfl 
2©*ffii:fttbtSibT» ffiffi&£[ffi&]R?£|fflt3*i& 
««*«E»mi-X5F- v 7fc, mSM 2 ©%ftttttlDt©)B 

r?3»£ 3 x t- >y Xi: £^ir c £ Zft®. £ t S . 
[0 0 18] *fc, *«W©««Sft*»tt» »1©» 
M&&m£, mm l ©9HtttttKJ: &««*©/>SV^ll 

2 ©gsaeflyak ft , f5sa^ i ©^att^M©a 

HfS©Wt#«»**i*K*Hlfc«l***lT 
h!j!3^ 2 ©^Bt{£fMS^SB 1 ©«ft*filfclMb**l 

fc»<r©ii«aK» nicfiii**i©*ffifc, b5I3^2 

CDMttt«JRA>miBtt 1 ©■Mb*filfcttS»©lfii*'C* 
**2©«ft*|q|tafb*nfc»6©iiiJEKy 
b5^2©fi&i:ftib«<bT, g5I3^^ffit/ii3fS?Ci3ia 
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ffi£© -f > K— > ^ T-igJte £ « S * t 1 y 7* i: ft £r tr c 
[0 0 1 9] #*B9©^ * U 9 s - » 7tt» ±JBffl^"r*i* 

?hfr(om£&fr^m&mmm?&£ *> a*ra io 

[0 0 2 1] ±13© fcfc b ©*JSU!fc iftfcf, g§ 2 ©& 
&«frffil©Sg 1 ©«fli35fftfr&* 2 ©«fls*|ql^©«fli 

* s l&5&£*iS«£3£lgJ&£ftT^3©-t-. «E*mu«ff 

[0 0 2 2] *?m<Do tb> % 2 ©§£ffl4#J8l©& 1 © 
Mfb#iajfc6»2ffl«fls#fa^©afli<Z>£fe 20 

©a»©aMb©s<E©wc» MafcmftWfciKas-e- 

atssvtz «k s >> -f xtt»* l^jv^o 
[0 0 2 3] *jtqn©5 *>, g 2 <D%m&#.m<Dm i © 
»ft*Rr*6»2©a«b*a's©BSfl5©E<E, Sfctt^e 

©i!i©JK<b©S<E©IWCs t» M*fc/Jf£©-f >tT— ^ 
(fe£U +#lch£W T?jgJfe;S**4>©fc:#^ 

[0 0 2 4] *^ra©^*, na©w«©»» (ft 

h&©gfc-fe>*7>7 , CiE^gMM £ 
3>f;Hfc«»Al/fcfc©S:#^-CB\ n-fMy^XKi* 
7^;i/^i:bTi§« ^fttefctK Sg 2 ©§£S&tt#BI© 
»l©«fti3Er|qIil»6»2©»fb*|6iI^©*fli©S<E, * 
&tt*©»©«lb©K(E©IBtbry ^ItStt^^X 

[0 0 2 5] 

[«w©H9E©sii] *wma>mmmizwx 40 

[0 02 6]Hltt, #»lH©-IIIIB»JB©9iaiS*^ 
fPJM£Rltft?©HBBk 02tt, 0 1 C^-rSfi»tt<* 
^ff «ttKtt*?©.* e U *;u©«J6& vt-SMMKBBI 
TfcSo Hl*#fiS"J-*i:, «»S©9HH£<^ i NflBtt 
ffittt*? tt, ft Jjfa £&R© Mv MSBL 1~B L 3A 5 

R07-HHWL l-vWL3*SiVaROi*a#«L 
l~L3j&«E«3fiTH4. try MM: 7- KJft©#£ 
Jlgptctt. lffl©«IM»*Sh5>^^i:9fiatt»© 50 
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S 7 Y i/X # -5 i. 3 K s =e V -tjuco 

t^MSh7>^7^t;li r T 1 1, T 1 2, T 1 
3, T 2 1 „ T 2 2 , T 2 3 , T 3 1 , T 3 2 , T3 

rrll, rl2, rl3, r21, r22, r23 x 
r3 1 N r3 2 x r 3 3 j ©If ^r&ftZixX^Z. 

[0 0 2 7] hUBL l©-*fcttK* Mlkv©f| 
ff^Si»tSfc«>(Z) h 7 T a 1 tfRtf&Ji 

T*SD, flbWtth7>S>;**Tb 1, Tbl' ©-#© 

bl' (Dtk1i<Dffi?&*:ix?tl±>Z7>7SAl<D 

fc, KyM*BL2«u -Jg£b7>^;**Ta2#§9! 
tte.^ ffeigi s b7>^^^Tb 2, Tb2' fttf-UT 
t>^7>7SA2i:M^ £y MRBL3tiU - 

^Tb3s Tb3' ^Ut^7>7SA3CgS 
$tlTV^a. #t#MSLl~L3lt ^tX^tli^JS 
C5'Kl/^SlR*«tVS^©|^tf©ej#©fc«)©b7> 

[0 0 2 8] t>^7>7SAl~SA3B;, 3W^I/' 
(JtRS) fcbTiMPI-**©^*!)* r+JB^j 

1-4. C©-b>^7>^t:*it4«£Elt«lE<WCH:x 
r +«»?«Ej.> r -4S?Sffij 
©tSC/Wffl* (fftfcftx Vdd) , 

©i:§(3ne;tB^ 0V) fctiWj-r*. Jfe 

[0 0 2 9] ±13©fte, HltttiSSnt^*V*, til 

nnsMfmamismcamz.* ( fTa 

1, Tbl, Tbl' j , ria2 v Tb2, Tb ' 
2'j x rTa3, Tb3, Tb3' j ) 'SMfVUTi; 

Mr (BL 1-BL3) *fll*lfl*lK:»jtt*-&, dtllC 
iDK? h«fc£fc*>'-rX©«»*»*-*-41Mffll»fc 

[0 0 3 0] §^^'J-b;i/©«J5gi±raiiT-fe5o ddT* 
{±^ BH©«BB"CHA/fe^t»J-fe;i/ (7* 1*1/* [1, 
2] ) tCOMT, *©**ftJW*:fl«lCKilH^-*. ^©j< 
* >; -fe;Hi, 1 (■©«IMJHB h7>^^T12i:l 
f@©nI^}S!Hllr 1 2 1 T 1 R*g3I©-fe;i>T- 

&5 0 t#MSh7>^^T 1 2tt» V-Y&V- 
K«WL2fc«5J«**i % Kl/-f># 
Rl^SJiSr 1 2©-4gtCg?M?nT^5. oI^JgirLgl 
r 1 2©flUlttlf <y hi^BL 1 k^*iltV%5. C© 
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[0031] *m&mi 1 mta(D&mm*> u =3 > 

5. d©as##, 0 1 iz^-rm^Mmh^y^^^T 
— h«ai5tBf^o«BE*Bi*nb , r, v-hmm^mr 10 

©«# (V— ^ 2 i: KL"f >3®H) ©**UT&gft 
CfcC J; -at, V— *2i:KW >3©Ra(C8£ 

V-^2(iV-^3>^^ h7"7^7&^b-CS%H8 
fcS^tSM^n, FW>3(4Kl"f >3>*^ h 

BWSI-S^t'J-feJl/fctt, 7-f-;i/K»ftJRl 

[0 0 3 2] g%«88±{Cfi, RS?Jfil*8Ci&3J;3fc 
*&&&Ett9 (HlCD»*a»»L2Cffla-r5) ab* 20 
Rlt6hT^4. C0D^%i^8 hft£&»Elft9ttfeff 
£ftTv>s. #Sj^Ett9©— »B:±Ku— *;WE« 

1 0©-gf5i: fifco MSIMIIIttttftSiiT^ 
5. ^©»*ii*S»9i:u-*;i/SISll 0©«&!)gfl 
»C*V^T, o-*;i/EJ»l 0l±»*ii*E»9±t:ffl 
SUT*>*K i©D-*;uB»l 0±tqTK««t«l 2 

(Hl©qT*»lft«r 1 2fcfflMj1-«. ) tWmtStiX 
OS. 

[0 0 3 3] ql*att» 1 2 {4, JigPASfcTf hit 1 3 
(BBlCDIfv hlftBL lCffig-fS. ) £ttbT£!K 30 
T»4*D-*;i/Bim 0fcSStag^M$JxfcJS8?l 1 

d<DpT£Jg#Ci§l 2(4> gfl££#©S&b# 
A fta#*-f 5 d i: t 4, 5 SMffiififit ftSIiR-T 3 - £ #T- 

MR^CMR*m©45&*£fc&&&^*ft*>^>§i 

m&ttm&m^bti, *©*fls©iqi&fc5v*ttflMb©w 

^b-T5. £©£5fc«j£bfcsT*iStftSl 2T-J4, 

t), «ifcttft»R*-* E#©lW1sft»Jf3 
T-#5&©i;L-C, GMR-^CMRW&ftfflVS*©© 

[0 0 3 4] felT, TMR*?t-3l>-ClB#tBlW-i' 
5. 03(4, 8&«ttfl*4**¥#lRlC«<fcjaffiSTMR 
^?SfNtif, (a) tt«fit*©»^©aWb©lRrSS 
*f«tS5Bk (b) ttJfiift/Jx©»&©«fl3©lRl&ft^f 

[0 0 3 5] CfflTMR^tt, h >*;H6*« 1 8 ft 
A-Kjg l 6 (fiHB*#*&feKlt&JI) kV7 hJSl 50 
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J\— FJI1 6kV7 Mil 7tt, ttfcSft-e-n* 
M (ttflsSMt) * s @rt;£fSlK£oL-t7.k¥;5rRjftiro 
TO 3. dCTMR^It M-KJi 1 6i:V7 hJi 
1 7©afb^fRl{c«to-CKa«^ft^Ufel^©jgtafi*s 
HfcSo JlflEWttt, 0 3 (a) CjjVf «fc-5fc, A— K 
Jg 1 6 hV7 big 1 7fflSMb35ffttfg**|qJ*©*£HU' 
TMR^?©ffiinlfiitt^;$<7fef3, 0 3 (b) tcjjvr* 

M-Fil 1 6 hV V hJi 1 7 (DmbJjffltmXfa 
©»£■£«:* TMR^?©f£ifCfS{±'h^<^S. 
[0 0 3 6] TMR*-?©9i«tti*«©ai^b*fi 
ftStfMfiea4:-rsc:i:t»T?S*. 1214(4, 9MH£(WA< 
SiS^lqltSS^bSnSTMR^ft^-fiaTs (a) tt 
»St*:©»^©»fl3©ra*ft^t-«Kia, (b) ttjgift 

/h©^©^fb©[Ri§ft^-r«^:i2t-fes. c©tmr 

5A- KS 1 6 * , V7M17' TffiW/3e*©Tf* 
*K n-KJgl6' tvybmiT (4, aMbSft-**- 
oi& (Mlh&mto) #»rt#faKfcoL-CSitt;£|pJfttr 
OTt>3„ C©TMRJirFT?tt, ^-KJf 16' tV7 

Ml 17' ©«Yb*ratJ:-DTRa«8eft*UfclW©a 
tafiStfg&S. *#6<JK{4, 14 (a) C^naC 
A-KJ1 1 6* tV7M17' ©awb^fajPfiatiRiS 
©t§£J4, TMR*^B£Uaiftfittt*S<*»K El 4 

(b) M-KJi 1 6* hV7 hjfl 7' 

©fiS<b*isi3& s iMi*(Ri©®-&fctt, ?MRm?<Dm%Mm 

[0 0 3 7] ±M©J;o^TMR^?ftfflVNT«iaftie 
MUttt, '77H17 (17' ) {C^l^T 
©»lfb«Slstf{fbn5S^i:, M-KJB16 (1 
6' ) £oiNT©^8&fb©Ste#fTfrftS©-&©2oi; 

*^|fif^T-{4^#©»^a^»^* s fT 

[0038] mz s *fm<D%m&#Tw ^amm^ 
[oo39] ( i ) mmM£. m^m t) 

fci&fflOSSKttflt^ffattKWa^Ttt, i T 1 RSM 
bfelHlSSOtlfiSnfc^t'Jt^ {TYVTs [1, 

2] ©aatfes^^u-ir;!/) ©flMBftas*a-r»^fc 

[0 0 4 0] 12 5 ~0 8 {4, 01 C jjsrSffiifltffiWfi 
ttlBISJU^fflTKU^ [Is 2] ©ffi«C»*^*y-b 
;i/©tt*iBl/IW^ftKiB"r5fca&©«SCH^**. 
Jgtitflr 1 2{4fi5iKE©II13*fe{4EI4{c^bfeTMR|g 
?t«)oT> A-K116 (16' ) A s ?»m^©*lSl 
{C^^b^^ltfS^A s «^$tVCV^5. WAtt, E 3 fc^ 
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<D>\- YMl 6 (16' ) (DMfcVftgifis «*HU 1 
t:>vh©tf$8© rij izftfotzttzt. *<Dm<b% 

faZEL&mttzftgv roj c»i6-rs. is«ft#©Ss 

^iiibT-B\ V7hJgl7 (17' ) ©&{bi s /\- KJI 
16 (16') ©8fcfcH#fl*»ii!#rafrCJ:o'CTM 

[0041] *r» n5tc^i-«toc> *&aaL2 

(02©»$ii^82&9) i*«U 

mi-*. 

[0 0 4 2] HI 9© (a) , (b) l±, Bl£J£in;§Sr 1 
2i:bT03K^bfc BfltttttK* K $tfb * h 

09 (a) fc^f £9fcW§H#ft£U C© 
^igHCio-C^ y7M17««Hbfi<Ei , 4b, 09 

(b) \zm?£.oizv7 bmn<DM<t<Djjfa£^-h- 20 

/f 1 6©»flj©#|qri:#Ht£fii:&4. V7HP17 

[00431010© (a), (b) tt % or^jgtrtSr 
1 2hbT04lc^bfc&S^#K#Si£#ft£M(bS 

&^ffii&9' fc*&#«*i fcCioT^t* 

fcfc, V7hJB17' (C*ftTSil*fRllC#fflr 30 
«. C©«aH* ©tfU8JC«fc!K V7M1 7' CDftft 
&fc#£b^ V 7 Mil 7' ©^b©7?lSli:^-KJll 
6' ©ttfls©#lRli:tfR]WSlsJi:fe*. V7M17' 
£££JcMfb.KlE;*-e-i>i§£tt, ttS 2^15^9' izm. 

t m&frum i ©isi tt *m\z t * . 

[0 0 4 4] ±K*»IHbaU K» HUB L 1 (H.2 0K 
»M13) {CRFf^©mE (Sl^tfJbfflmEE) 
Hr-HoMUS©* JW»JR§S h 5 > i?* 9 T 1 2 £ i tf-fe > 
^7>7"SA 1©-*©A7JSS^ ( r-}g?j ) ^{C^ 
f*ftT^ih5>5>;**Tb lfc*ft-*ft*>C**. 40 
C*lCJ:?K ql^ffimSr 1 2fc&tt«tt (SSISSK) 
i l#flit;h try h^BL l©«&fc«fco 
T, •fe>^7'>7'©-7j©Jg? ( r-Jjg^j ) ASSESS 
ft* (B6#JH0 . 

[0 0 4 5] S&»fftL2 (0 2©»tii*ISi&S 

9) C, H5C^U&«IJHft;cDBSO#*a*«*ii:tt 
i(!O^FraK:»*a*i«SEi» £»SEb (07#JB) x V7 

iVHi 0{c*jits®fbKtei:H:jt©«<bK<E*^i;* 

#6. CCWKftRCflDM, h«BLlC«B»i*fc 50 
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i ^©»&i§#ic: «t a y -r x<D*5flfe*»Mf 5 feftt^ 

bT, NBL 

[0 0 4 6] Jfcfc, K»HBL1 (cm^©mjE (fit* 

1 2iS&VH:>a7>7SA 1 ©fi!l7j©A7jJiS? 
( r+ig^j ) ffiCRI?*iTCi« h7>WTb2S 
*ix*n*>fi-4. RTSJSlfBBr 1 2{c 

sgm«st (jurat) i 2ifimmiit^ Kvvm 

BL l©m{fi{CJ:oTv ■b>XT>7©ftk73©JS? 

( r+m=f-j ) (0 8 #58) . 

[0 0 4 7] flUtCHttCiot, t>77>7 , SAl 
© r+JS^fj Ktt, b5>&©0 3 (a) £&fcfcl24 (a) 
Cjj*bfc*fbtt» (^-KJihV? bJf fcfcfcStfb©* 
|pj#|5lb («tt/Jx) ) fcifcbfc«EjW(iJ*S*u r_jg 
?j tttiiyj£©03 (b) £fcfc*04 (b) fc^bfcSS 
fbtftffi (^-FJifcy7h»©?K{b©35na#*fc5 (ffi 

•fe>^7>7SA l©itS73tt, /N-f (-Tft 
£>*>, Vdd) fcfci. 

[0 0 4 8] -75, 03£fctt04£^b 

kteztztb, ■fe>^7'>7'SAlofB*H: % o<i7ttJ73 
(1-&to%> 0V) fcft*. ci©id^bt^ m-HJB 
oMlkfift t Jt5 b fc flMRCDMft HI b o i A S T- § 

■So 

[0049] (2) mffiffitt («sa») firf^ 
0 1 4 as i 3 fcs-i-**a»i»©^ u -b^oKfiss 

fE©«?£^T0T\ (a) tt*#i2>*Ei^fcSSii*m 
S©Rl*K:«Ufe«f©»b©«fflS^t-fltSCa (b) 

*^-r«SCH, (c) tt (b) ©ttSOltMfiiUlft± 
*»6Jafc«KH"e*S. 014*, 02lc^bfc4)©i: 

V0i 4&#^bt, i§a&8tffl^f »;-fe;i/««BYbS 

[0 0 5 0)M©»#Mft, 0i4t^-r<taic, 
KvMRBLl (g|2CDt;y hflftl 3) £tt&»ML2 
(H2©«*a*E»9) «c«*aJ>«8E*W*©« 

b. iiasiit«tt}^bs^)S©«{wiot:> ^-kji© 

i 2*^nsi:«§ji^^H2^41-S* J , 014 
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(a) tjfs-f «fc-5£, d©»§ji«W&igH2£tt'C-fci:nI 
^!ffimi§ (TMR^f) 1 2GD^-KJf 1 6©&{b7j|Sj 
fctK&b&^<, C^flt A-KJf 1 6<DMfcJjfa& J £ 
ib. &&£ft?>»&&^&iIH2©;£ftfcfct5tt©7j|ql 
£fSj^TOS&©£:?-3. $.tz, qJ^ffiiftS 1 2 fcfc, a 

[0 0 5 1] ±iB©#^ii^SH2 4sg:Aa^n-rv^s 
«JBT?tfy Mil 3 i 1 iWiSfcv * 10 
S&#«»H 1 #38£ U COflMIIH 1 fc±88 
*& &»8tflH 2 ©NOW#siirKtttt8 l 3 fcEPAaSft 
5di:tC&5o C©J;iCUTt8a»aaHl, H2 

sts i 2 ©A- kji i 6 <Dmit&m.m-?z> (hm® 

(b) *i«fcV (c) #85) „ 

[0 0 5 2] ±f2©«t^{c % sWBJBTftt, »i*ii#sei&g 
tt, Rl^lgJnlSgl 2©/%— KJI1 6©«fl;#|q|ttK<E-8' 

*\ Pi#©itcHB*fc«*ftjM-cri:'ts ttbfe-ON- 20 

XtK£ IBB £ ftT v> 5 qJ^JgtJtggco -5 *> *> e> ma© 

El 1 4 CiSt-BMbKfitt, ffiS±x />- KH 1 6 
TOfr^Ut*!), V7 b-Jf 1 7fco^T^£flTV>& 
l^tf, 77 hJSl 7£o^THu »Sji»«8ti2tf«| 
*U ^©S^£<fcoT£b£>^SH2#{&&£ftfcB#<& 
T% ^©^SH2©^ffij{c^fb^n5c:i:C)S:5<, 

[0053] ±E«D»*a*«rftTtt, ^r*aacs (t 

[0 0 5 4] *JgST-tt> WMWtirjTKv MH£ 
SS£?-S^X£m3j£fc{;iMJl£#S«8fiii:b-?\ bf 

£\ ?l^©^TS$:fflV\SCi:^T-§5o 
[0 055] El 1 It, *^|§©ffe©^6Sff^-C-feS, 

Mi^fivw >v-y>xtz&^x&Mutz%m& 40 

bfc$$fc|E0bfc©£(i|EUDft*|-£ft-b-t^5. d©0ij 
THU tfybij&BLl©, h7>^^Tbl, Tb 
1' ^ftat^$tifegfi^i s h^>^^Tc^^b 
Tfi5ift£*vO>S. r^7*7*Tc©;*>ffi{n;©<itfci: 
+^-{C/jN$^fe©i:-rS« COJg^tt, Wffff^tiDBI 

c^>$nsci:-rN M§uc$g£-r57i'x#7* 

[ 0 0 5 6 ] El 1 2 {c, *^B^©ffe©H6Sff^tfe5, 50 
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«*?©-«£>!*-*-. Ell 2cf> EI lfc^b 
bfc©£tt|5]b?3F^£tt-b-tv£>. c©0ajfli, hfyh 
SgBLl©, h"7>^7*Tbl, Tbl* tf«ac« 
mtStifzSifrCD^'i >*C3-f ;i/ L 
tflSlt&ftTV'vS. d©3-f ;i>LAV -TX|&£7-f;i/* 

[ 0 0 5 7 ] *&|g&*©M£{CT*ftSEtt 

[0058] (mmm 1 ) &««#©*«;# 

|nj£3gRr 5 C £ <fc 5 «^*£iafii£311R-r 3 Cl £ ifiX 

38? (TMRf-f) Sffl^SfeOCOUT^tS. T 
MRffH^bTfcfc, EI3 (a) t^bfci?^ jgflltt 
flE»fflt©iBrtK:7k¥t=«flit-*, «&7j©*§£a-F . 

;uI6«hki 8£&trfllil©fc©* s ffl^£>*iSo 

[0 0 5 9] Ell 5 (a) ~ (g) HU EI 2 fc^ bfcg 

xgKBBI"C*«. C©0!lfc:«fcftK, **\ El 15 
(a) {c^fctatc, *M«Wtt&Kl±fcV-.*2, 

^>3, \* mum 4, y-hmmszfc&isx. u 

OS (Metal-Oxide-Semiconductor) — F E T (Field E 
ffect Transistor ; t#a*Sh7>^^^) i$ts& 
SftftKf 6. -©aiSt*5ltSFET©V-^2, K 
W >3©aJ^-(C-eiX^fl^>^"^ h*;— ;i/7, 6 
ltTX7^«:«ii)atr (Ell 5 (b) #hb) . TJftC 

[0 0 6 0] ^fev^T-^ EISBfcb-Cx Ti/AlSiC 
u/Ti®&JfMbfc^ «»©7*MJyxlCJ:!) 
F^©/^->{ciQXbTg?^8 i:X7^^g|5^ 
»«U $5>{CJiF^igilKi:bT^©X7XvCVD 
StJ;*SiO,fll20ftJB«U ±E£¥£{b1-3 

(Ell 5 (c) . 

[0 0 6 1] ifcvve, Eiii:bt, Ti/AlSiC 
u/Ti®<&Bfi2bfe^ x 7* hUVXS{C«t>)m^© 
^^->{CA0XbTSji^lB^9&ffMb, 
illi: L Xv C V D ?S I: «t S S i O, I 
2 1WU ±®*¥ffi<bt-5 (Ell 5 (d) # 
HO . 

[0 0 6 2] TMR^Oi^hbtOW 

£©A* — XCADXbTD— *;i/ffi^l OSr^-TS 
(06 (e) #SiO . ifev^T^ «r? 1 1 i:^ST«6®i: 
bXAlCul, nr^Jg^ii (TMR^f) 1 2 i: bT 
NiFe/AlO./CottJIKSrBfiEU 7*h'iV 
xgtJ:53f^©JKttt:4oxbfe^ X^XvCVDiS 
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tc<fcS S iO,M2 2 (H2<Dt&ftKl 4) ^^fiEbt 
±®£¥S{b-f£ (Ml 5 (f ) #®) . 
[0 0 6 3] &OT-> »a*«*«Hafclfy MSI 3t 
^STi/AlSiCu/Tillf^^t, r^r 

y vxgfc^DBfso^i'-vcjsoxu 77X?cv 

t««J14:UT©tt«R (SiNJg) 1 4«£jau 
v KfH*©APXftff«f3T^ai:4* (015 (g) # 

[ 0 0 6 4 ] H 1 6 fcfc, tt±OffKxac «t D Bft®^ 10 

5. try Mgl afcfcS&^BKQfctfmfeSSWH:!! 
sgifiirigll 2#flM£*xTOS, 

[0 0 65] w±© id t UTf^K*nfcgfi»tt»^» 
jtt****«R**bfc»^ *©3iiM«*aibiwm© 

-/-fXl/^UHU ra&5W*IK3fc*ofct»©fcifc|Rl, 
Tif$2 0t>©1 i:£ofc 0 

[0 0 6 6] Hft*5J:trtl*ii*Baaft^9» 20 

*&!:J;5Mb^ CMP (Chemical Mechanical 
Polishing) «fc J; fcC*»)fts«bfe»ffi 

[0 0 6 7] -jRfc, ^£*g&tt3&BK©tttt£ft 
r^VP hpv-f ^u— >>3>j fcnffsnsgigi 

yi/-^>3>j Sliifcfc, ^JScfoe^S^Mtf^K:^ 
JMTPftflbifcU EMftK^tF^ g&fcfcfc$§&, ®r 30 
«ft§l*jecrt-. »*a*»fe*iafet:y 

*tt*t.fcoT«jsRLT^s© , <s **ii*«ft«ai5fi 

[0 0 6 8] y*y*;i/fcttJ5M-««JW»*ffl 
h5>i?7.#<D?-**J\^liftizS iOe*ffiffil/fc5, 40 
£K©f1*CK:SOI (Silicon On Insulator) &fi5£jg 
SU^nctCtot, S1f©MOSfliji©&©«i: 

T% SiGeft^MWntl?MSh7>^^ 

SOlikmtit, ttttK±K:»v^SillftjESAU ^e© 
SiJK*fcMOSJ&»EK£t?< DatrcfcT, 3&tE 
IMtllBfcJB/**- SCi;£v>-5. d©SO IfiSCift 50 
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«, mos h7>isz*<D&m<t<Dm-f t-&zms.t& 
[0 0 6 9] (mzm 2 ) ±mvtzmmm 1 fcn*&K 

e t 'J Lfe. C4>jt%U 

[0 0 7 0] *mMM(D* * y -b;i/t:*lt*l6fttt*a 
© i: It « b T 1 / 5 1- o fc . 

[0071] w±i5iKbfc«taKx *«ra<oai«tt«:^ 

IWSttffitt*? ( 1 T 1 RIMRAM) tt, 

LT»#iH Uttflsfcfr 5 C £ #T* g «. 
[0 0 7 2] *%H©Bttf£ttTOWB1£8BttX? 
£fflV>£Cli:T\ ^t'Jfv^ /1 
-y*;u3>K:x-*«8fe£©«fffflfM8^««C 
£V>T, mSfcS&BffbT&WmA^frft&VV V>fct9>S 

^OSRAM (Static Random Access Memory) 
J: t) y >7 7 *J 7i-2>tt. if. IT, 9-^^€'J 

Atf««©'hSMbfc*&<JW»-*. 7*n 
^ 7 t U i Iti^ffl IT^fc N O RS7 7 >r>a ^ 

^y©ft*>9£, 8*Tffia£ft£8U3rft&&*&B©E 

[00 7 3] felT, *£H©^tt{CT!f ftttfBtt*? 

[0 0 7 4] (1) «Ufj»r: @1 5© (a) ~ 

^S^ffilBfjgSR? (^^yT'l^W) SMbt^t'Jf 
»7tflilft. ^t'Jf-vr^EEPROM (El 
ectrical Erasable and Programmable ROM) 5J&©IKiB 
HS§£ttJ!iabfc±T\ y-K7l/-A (J|l-«:|«BiBft 

©-r >^-y- KS5*j«i:y ; s^©tt^f'tit©fc«)©T 
-7^y-Kgf5*e>^§o ) Cffbtt?^ v*nv>r 

tt^ 4 0-CT-lB#P5©XM/^^4,IE^lCl&^bfc. 
[0 0 7 5] Sfc, H-^y^t, ±e©9Hli£ff7 

*fli«©»*a**j:zm*ab©fS9jBiftfT5«i»@8S 

(8 r ©v-f^orD -fey ■!*•;&: £r£^tr) ^>^©ffe 
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coo76] ( 2 ) mmmmwEM&m : *m&mm « 

») UZ^nft®.* tU^7o ^7 AfeAM * 'J t bTH 

5o -05 k bT, HI 7 £ift43flMg£#-*-£fttt£Mffff 
[ 0 0 7 7 ] 0 1 7 fcfc^T, SI^IMllSIfi, 10 

otx T'D^^At&if^^^u 6 oizmmznx^zT'a 
^Afcfie-a-ciM^t- sfwwase 1 ««ia« (sis 
iSDN^if) *fc l*MK@ m 
^^bfcts^cDjssfitfRrtg^iifigpe 2 a, «F B f-f 
^ri/i'^if©a^a5 6 3 i:, K«ss6 4i:, 

H&£©A;fra5 6 5 £:£*rrs. fH«|lfRS6 1HU MM® 
6 2 £:frbfe^a5©«$BJ&*i:©t«8©-S> t) 1 1) SfTO 

6 Hi, «JMS*fcK«»6 4^E«3**c:4:*T?S 20 
5. ClODfk, $<J®gP6 1(4, AftS5 6 5*»S>©;»ob£j£ 

b-r, a<*©xHiwk mwmttz&'n-fz zttrssm 

Xh%« d©4-5fc#JSl!a5 6 ltiSiSf, 

tK 8fc#©^— V^lOVlTi — *©#£f£J;:j£V'> i &©£ 

[0 0 7 8] W±©4-5Jc, *SI^Sfil$R5!LS^SH:, 

[0 0 7 9] ±E©ftfi^tt«MQ9g1tlc:l3^ 30 

x. rw^kfeM**: u 6 o tmmiz, g2iS35 6 4tc 

[0 0 8 0] 

[$gf»©£WS] W±KlBl/fcJ:5C, *»WC«k*itt, 
K«««84l$©«Mb£*s©Wfc£ tsy-f X©»#£ 
Ifc>)l&<££:#T-£.S>©-t;, f£#fcfei\ flHBBSttft 

[0 0 8 1] C©3S«ffiff^Jf 40 

osc£:{c4»K $«ttttfc^fc««tt©*^**y 

S. 

: ?©iis&0t-&3, 

[0 2 ] 0 1 C5**368tttt^ff »ttlBtt*?©* * 'J 
■fe/l/©«M*^1-S?^-»f®iaT-fe So 
[0 3] ^tt^***JWffi£«fc3ft*TMR*? 

s^-rsi-e, (a) ttatft^oa^oafboia**^ so 
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m&m, (b) i±ffiiit'h©s^©®{b©iqits^^s 

0T-fc£. 

[04] 3SJ8ttft«J&»actt#raC«fb3rilSTMR*^ 

&jj*i-0ts (a) t±ai&fcffl»^©atfb©iRi**3%-j- 

4ft3Bk (b) tt«tt'J*©»^«fb©ffi&Sjj*11ll55 
0T-££. 

[05] Hllc^5imHSff ; f : »3fittE»*?©7 , l«I/. 

2] ©ffiBfcfc*y*yH»;v©ifc*UJUtof|s* 
tail's fcto©«5JI0T-<& 5. 

[0 6 ] 0 1 KjS*-BKttfl^ff«ttB«*-?©7' K V 
^ [l, 2] ©fiiSJcfeS^^ ';-fe;i/©Sfc#iHbl(rfE& 

[0 7 ] 0 i vi^tmmstvpm mamMwr y v 

* [1, 2] ©ffig£;&s^';-fe;i/©S^aiblM££ 

rub-*- s tz ntxom^mx $> s . 
[08 ] 0 i ^tt&m&ft^nmiimM^viT k u 

^ [1, 2] ©teMtfeS^^'J-b^W^iilbl&^S: 
IfeB^f S tz »©«^0T- & 5 <, 

[09] (a) .fc<fctf (b) J4, TMR#ft?©V7 hjf 
[01 0] (a) &i.Zf (b) tt x TMRi?©V7 h 

«{b$ftstt?fci5*-*-«5SBi-ea*. 

[011] *JBi8©flb©3WIB^J»"C»«» K*MSl*i6 

[0i2] Kmivmnmrnsmxibz, try mrcw 

£f;-r[!S§0T:&3. 

[01 3] 01 ^"T^ HJ y^*^© [ 1, 2] ©{4 
BfcfcS^©«ffi£«£gUSfS©*#&#S3fc©at 

n^tm^mx-^z. 

[014] 01 stcjrx-r^tji^©^^'^;!/©^ 
Hte©«?$r^-T0T% (a) tt»g&^g2*§Uc:Sifc£ 

(b) ttKy h»t««E*Bf^©ia*t8fEbfc«KD»fli 

©ttassst-siscBU (c) {* (b) ©«^©?KMis*T; 

[015] (a) ~ (g) tt, i2C^bfc«lttft? 

if fsmmmTco* * u Hr;u©f^§5****-rxawiii 

0t-$)2.. 

[01 6] 01 5© (a) ~ (g) C^tffSUti 
Df«B**i&^ * U -fe;i/^±®^e,Bfc0-C-feSo 

[017] #«iH©ai«tt#5Fff*&eE«*?fc/H^ 
fc, aff«m«*^«««awwi»iiK©miiija* 

[018] 1 T 1 RMHS&^*Sffl-rS^©^SSi4 
i*^ff^ttE^?*^1-0SS0T-feS. 
[01 9] (a) £J;tf (b) 14, 01 8C^-J-3fi*tt 
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